The purpose of this study was to evaluate the effect of cigarette smoking (active and passive exposure) and alcohol consumption dunng pregnancy on cord blood lead levels. In 1990, a survey was conducted in two hospitals in Quebec City, Quebec, Canada, a white-collar agglomeration. The sample included 430 mothers and their newborns. Information on the lifestyles of mothers during pregnancy was obtained by questionnaire. Cord blood lead concentrations were measured by atomic absorption spectrophotometry. A dose-response relation was found between cigarette smoking and alcohol consumption of mothers and cord blood lead levels. An average increase of about 15 percent (0.013 /imol/liter) in cord blood lead levels was estimated for every 10 cigarettes smoked per day. Mean blood lead levels in babies whose mothers did not smoke dunng pregnancy but who drank alcohol moderately was 17 percent higher than those of nonsmoking mothers who abstained from alcohol intake. Multivariate analyses revealed that both cigarette smoking and alcohol intake make significant and independent contnbutions to cord blood lead concentrations. Lifestyles of pregnant women thus appear to play an important role in the prenatal lead exposure of newborns. Because of the potential effects of lead exposure on pregnancy outcomes, our study provides further arguments to support public health advisories concerning the harmful effect of smoking and dnnking alcohol during pregnancy Am J
The purpose of this study was to evaluate the effect of cigarette smoking (active and passive exposure) and alcohol consumption dunng pregnancy on cord blood lead levels. In 1990, a survey was conducted in two hospitals in Quebec City, Quebec, Canada, a white-collar agglomeration. The sample included 430 mothers and their newborns. Information on the lifestyles of mothers during pregnancy was obtained by questionnaire. Cord blood lead concentrations were measured by atomic absorption spectrophotometry. A dose-response relation was found between cigarette smoking and alcohol consumption of mothers and cord blood lead levels. An average increase of about 15 percent (0.013 /imol/liter) in cord blood lead levels was estimated for every 10 cigarettes smoked per day. Mean blood lead levels in babies whose mothers did not smoke dunng pregnancy but who drank alcohol moderately was 17 percent higher than those of nonsmoking mothers who abstained from alcohol intake. Multivariate analyses revealed that both cigarette smoking and alcohol intake make significant and independent contnbutions to cord blood lead concentrations. Lifestyles of pregnant women thus appear to play an important role in the prenatal lead exposure of newborns. Because of the potential effects of lead exposure on pregnancy outcomes, our study provides further arguments to support public health advisories concerning the harmful effect of smoking and dnnking alcohol during pregnancy Am J Epidemiol 1997,145:250-7 alcohol dnnking, fetal blood; lead; pregnancy; smoking; tobacco smoke pollution Lead is a nonessential trace metal that is widespread in the environment. Low-dose prenatal exposure to lead was shown to be potentially toxic to the cognitive development of the fetus and the young child (1, 2) . These adverse health effects were documented at blood lead levels as low as 0.50-0.75 /umol/liter (1) (2) (3) . In the general population, lead exposure arises from food, drinking water, occupation, hobbies or, to a lesser degree, atmospheric lead contamination (3, 4) . Lifestyles may also contribute to lead uptake in humans. For example, several investigators observed an increase of blood lead levels in adults who smoked cigarettes and drank alcohol (5) (6) (7) (8) (9) (10) . The body burden of lead stored in maternal bone can be released during pregnancy and contribute to the fetal lead exposure, since there is no protective barrier to the transplacental transport of lead during pregnancy (11, 12) . Maternal and cord blood lead levels are well correlated, and it is generally accepted that cord blood lead level is a good indicator of prenatal lead exposure (I, [13] [14] [15] [16] . Therefore, the investigation of lead sources before as well as during pregnancy is important to reduce lead exposure of the fetus and the young child. In particular, lifestyles of the mothers could potentially represent a significant source of lead exposure for the fetus. Few studies have evaluated the effects of maternal lifestyles on cord blood lead levels. Ernhart et al. (13) and Rabinowitz and Needleman (17) reported independent effects of alcohol consumption and cigarette smoking on cord blood lead levels in pregnant women. However, methodological problems such as sample size and alcohol consumption assessment limit the interpretation of the results. Furthermore, the effect of environmental tobacco smoke (passive smoking) on cord blood lead levels was not assessed in these studies. The objective of this study was to evaluate the effect of cigarette smoking (including passive smoking) and alcohol intake during pregnancy on blood lead levels of newborns.
MATERIALS AND METHODS
Details of the general methodological aspects of the study are presented elsewhere (18) . The population of Quebec City, Quebec, Canada, and the surrounding area is approximately 500,000 persons. There are no major industrial sources of lead emission in this region. Between March 28 and June 18, 1990, a survey was conducted in two hospitals that were selected because of their accessibility for the entire population living in this region. Upon admission to the hospital, mothers were asked to participate and were enrolled on a voluntary basis. During the study period, 823 mothers were considered eligible, and 552 agreed to participate. The final sample included 430 newborns (103 cord blood samples were not taken by the hospital staff, 17 tubes were not analyzed because of an inadequate blood volume, and two research records were lost). A standardized, self-administered questionnaire was delivered to the mothers to obtain information on sociodemographic characteristics, lifestyles, and environmental lead sources. Information regarding parity, length of gestation, sex of the newborn, birth weight, and APGAR score was obtained from the medical records.
Cigarette smoking habits were recorded as follows: never smokers, ex-smokers, smokers who did not smoke during pregnancy, and current smokers. Current smokers were asked for their cigarette consumption per day, and three categories were set up (1-9, 10-19, and 20 cigarettes or more). Passive smoking was evaluated from the total number of smokers who stayed in the mother's residence, excluding the mother who smoked during pregnancy. Alcohol intake was assessed as follows: Each mother was asked how much beer, wine, and spirits she drank per week during pregnancy. The reference dose for one consumption was 120 ml for wine, 350 ml for beer, and 30 ml for spirits. The average daily amount of alcohol consumed in milliliters of absolute alcohol per day was estimated using a standard conversion calculation (19) . The reference dose in milliliters of absolute alcohol for each alcoholic beverage category was 15 ml per 350 ml of beer, 13 ml per 120 ml of wine, and 15 ml per 30 ml of spirits. The variable, "alcohol consumption," was divided into four categories: 0 (abstainers); 0.1-2.5; 2.6-10.0; and more than 10 ml of absolute alcohol per day.
Umbilical cord blood was sampled by venipuncture after the cord had been severed. Five milliliters of blood was collected from each newborn in a lead-free heparinized tube (Vacutainer with ethylenediaminetetraacetic acid, Becton-Dickinson, Rutherford, New Jersey), and samples were kept at 4°C during storage and transportation. Analysis for total lead content was performed within 1 week of collection at the Centre de Toxicologie du Quebec. Blood lead concentration was determined by graphite furnace atomic absorption spectrophotometry (Perkin-Elmer Corp., 5000 instrument, Norwalk, Connecticut). Accuracy and precision of the blood lead analyses were tested through participation of the Centre de Toxicologie du Quebec in its own interlaboratory calibration program and in the external quality control program of the Centers for Disease Control and Prevention (20) . The analytic method was calibrated with a reference specimen once every 10 cord blood samples. The blood lead results were also analyzed in duplicate once every 10 blood samples and whenever lead level exceeded 0.48 /xmol/ liter. Results of this internal quality control were published previously (18) .
Since the frequency distribution of cord blood lead levels displayed lognormal characteristics, results were described using the geometric mean and 95 percent confidence interval. The Statistical Analysis System software was used to analyze the data (21). The general linear model (GLM) procedure of the Statistical Analysis System was used to perform multivariate analyses. Because of the high proportion of nondnnkers and nonsmokers in the sample, analysis of covariance was used to examine the independent contribution of selected variables to the prediction of blood lead concentrations. The assumption of parallelism, a condition required to conduct analysis of covariance, was checked in the final model (22) . The dependent variable used in the model was the log 10 of cord blood lead.
RESULTS

Description of the sample
Characteristics of the mothers and newborns are presented in table 1. The mean age of mothers was 28 years (range, 17-46 years). The mother's mean extent of schooling was 13.9 years (range, 5-25 years) (table 1). The mean daily consumption of cigarettes during pregnancy was 13 (range, 1-25) in currently smoking mothers. Thirty-eight mothers (30 percent) who were current smokers stopped cigarette smoking during pregnancy. In addition, the mean daily consumption of cigarettes was 46 percent higher before than during pregnancy (x = 19; range, 2-50). The number of current smokers who stayed in the mother's residence (excluding mothers who smoked) was zero for 305 mothers, one for 117 mothers, and two for one mother. The mean daily consumption of alcohol was 4.2 ml of absolute alcohol (range, 0-26 ml). At birth, 3.3 percent of newborns weighed less than 2,500 g, and 7.7 percent were premature (gestational age less than 37 weeks). The geometric mean of cord blood lead levels was 0.09 /xmol/liter (range, 0.01-1.00 jimol/liter) as previously reported (18) . Cord blood lead levels were found to be very similar among the mothers who never smoked (0.087 /Amol/ liter) and those who were ex-smokers (0.086 fxmoU liter), and thus, they were grouped together into one category, nonsmokers. Mean blood lead levels in newborns of mothers who smoked during pregnancy tended to be 18-49 percent higher than those of newborns of nonsmoking mothers (table 2) . Babies of smoking mothers who stopped smoking during pregnancy also displayed a higher cord blood lead level than those of nonsmoking mothers (table 2) . A statistically significant dose-response relation between cigarette consumption and cord blood lead level was observed. There was an average increase of about 15 percent (0.013 jimol/liter) in cord blood lead levels for every 10 cigarettes smoked a day. Furthermore, positive correlation was observed (Spearman correlation, r -0.21, p = 0.0001). The impact of passive exposure to tobacco smoke on lead level was evaluated by comparing results in two groups of mothers: One group included never smokers and ex-smokers, and the second group consisted of current smokers and smokers who stopped during pregnancy. The latter were grouped together because the daily consumption of cigarettes before pregnancy was correlated with cord blood lead levels (Spearman correlation, r = 0.19, p = 0.0001). In both groups, we found a higher cord blood lead level when a current smoker stayed in the mother's residence (table 2) . Compared with newborns of nonsmoking mothers without current smokers at home, mean blood lead level was 9 percent higher (0.008 /imol/liter) in newborns whose mothers did not smoke but lived with a current smoker and 32 percent higher (0.028 /xmol/liter) in those whose mother smoked and lived with a current smoker.
Alcohol intake during pregnancy was positively associated with cord blood lead levels (table 2) . Newborns of mothers who were moderate alcohol drinkers (0.1-2.5 ml of absolute alcohol/day) during pregnancy had a mean blood lead level 25 percent (0.022 i±moV liter) greater than those of abstainers. A dose-response relation was observed with alcohol consumption. The average increase of cord blood lead levels was 0.023 /xmol/liter for each category of alcohol consumption. In addition, a statistically significant correlation was found (Spearman correlation, r = 0.20, p -0.0001). To evaluate the effect of the interaction between cigarette smoking and alcohol consumption on cord blood lead level, we stratified the alcohol consumption into two groups (smokers and nonsmokers), as previously described. A positive association was observed between alcohol consumption and cord blood lead levels in both nonsmoking and smoking mothers (table 2). The mean level of blood lead in babies whose mothers did not smoke but who drank alcohol moderately during pregnancy was 17 percent (0.014 p,mol/liter) higher than that of nonsmoking mothers who abstained from alcohol intake (table 2).
Multivariate analysis
Analysis of covariance was used to assess simultaneously the effects of alcohol, tobacco (active and passive exposure), and other factors on cord blood lead level. Variables were included in the model if the p value was below 0.05 in the univariate analysis. The variables entered included tobacco and alcohol consumption, number of smokers in mother's residence, mothers' schooling (continuous variable), and potential environmental lead sources (PELS). PELS is the sum of potential lead sources located nearly the mother's residence and included highways, city center, or industrial emissions (18) . The model is presented in table 3. The effect of environmental tobacco smoke assessed by the number of current smokers in the mother's residence was not statistically significant. Mother's schooling and environmental factors (PELS) were found significant in the model. Finally, cigarette smoking and alcohol consumption contributed independently to cord blood lead levels. The interaction between these variables did not approach statistical significance when included in the model (p = 0.11). 
DISCUSSION
We investigated the association between lifestyles and cord blood lead levels in pregnant women from a nonindustrialized city. Our findings suggest that both alcohol and cigarette smoking significantly and independently modulate blood lead levels in newborns. The validity of measurements used to assess alcohol Am J Epidemiol Vol. 145, No. 3, 1997 consumption and tobacco smoking is always an important issue. Self-reporting of alcoholic beverage intake is a method that has been reported to be inaccurate in most epidemiologic studies (23) . In fact, previous studies have demonstrated the unreliability of self-reports to detect problem drinkers (24, 25) . Intentional underreporting seems less likely for moderate consumption, which is not generally considered an undesirable behavior (26) . However, because of the social stigma associated with alcohol use during pregnancy, women may underreport the amount or frequency of drinking (27) . Nevertheless, it is possible with self-administered questionnaires to obtain an adequate report of alcohol intake. Evidence suggests that questioning about each alcoholic beverage separately, as opposed to asking about all beverages grouped together, provides a higher prevalence of drinking (28) . A recent study demonstrated that alcohol consumption measured by a simple self-administered questionnaire was highly correlated with that reported on a detailed diet record (r = 0.90 for women and 0.86 for men) (26) . Furthermore, the test-retest reliability of alcohol intake estimates during pregnancy, assessed in the postpartum period by the same method as ours, has been considered acceptable (r = 0.76) (29) . Globally, we consider the self-administered questionnaire to be a valid method for measuring moderate levels of drinking.
Tobacco use during pregnancy may also be underreported because it is socially undesirable behavior. Results of a biologic marker validation study suggest that self-reported cigarette consumption is a valid estimate of smoking status in the population (30) . The accuracy of information on smoking habits, provided by a self-administered questionnaire in medical setting, has also been clearly demonstrated (31) . Furthermore, Ernhart et al. (13) found that the effect of maternal smoking measured by self-reported questionnaire or by serum thiocyanate levels (a biological marker of passive smoke exposure as well as active smoking) was similar on cord blood lead levels. Hence, self-reported cigarette consumption appears to be a reliable exposure measure of tobacco use during pregnancy.
In this study, we observed a dose-response relation between drinking and cord blood lead levels. Seventyfour percent of the mothers in our sample abstained during pregnancy. Moreover, 14 percent of pregnant women were primarily mild-to-moderate drinkers (2.5 ml or less of absolute alcohol per day) with a weekly consumption of less than one beer or one glass of wine. This finding suggests that alcohol consumption can have an impact on cord blood lead levels even at socially acceptable levels of alcohol intake. Other studies have found a positive association between cord blood lead levels and alcohol intake. Ernhart et al. (13) showed that the amount of alcohol use (ounces of absolute alcohol per day) during pregnancy was related, in a dose-response fashion, to cord blood lead level. However, the prevalence of mothers who were abstainers during pregnancy was lower in their study (39 percent). Rabinowitz and Needleman (17) demonstrated an effect of maternal drinking on cord blood lead levels. However, alcohol consumption was assessed with an index of the frequency of drinking for all beverages grouped together. Grandjean et al. (32) found that cord blood lead levels were 13 percent higher if the mother had occasionally ingested alcoholic beverages during pregnancy (75 percent of pregnant women were abstainers). Interpretation of these data is limited because only two categories were used to describe the alcohol consumption (abstainers and alcohol users).
Many studies have demonstrated that alcohol consumption is strongly related to elevated blood lead concentrations in the general adult population (5-10, 33-36). Muldon et al. (36) showed that alcohol consumption made a significant contribution to blood lead levels in elderly women in the United States. Fortyfive percent of the study population were abstainers, and 29 percent reported drinking on a weekly basis. The authors suggested that socially acceptable levels of alcohol intake may have an impact on lead levels. Bonithon-Kopp et al. (34) also observed in pregnant women a 26 percent increase of blood lead levels with alcohol consumption during pregnancy.
Alcoholic beverages, particularly wine, may actually contain significant amounts of lead. Wine from different countries has been found to contain averages of 100-200 /xg/liter of lead (37) (38) (39) . In 1985-1986, Smart et al. (40) measured lead in alcoholic beverages from different countries (France, Italy, Spain, Portugal, Australia, Germany, the United States, and South Africa). Mean lead concentrations ranged from 300 to 800 /xg/liter for red wines and from 100 to 930 ^eg/liter for white wines. In contrast, canned and bottled beer samples contained lead at mean concentrations below 10 /ig/liter. However, draught beers had lead levels above 10 p,g/liter more often (45 percent) than did canned or bottled beers (12 percent). Alcohol beverage samples were examined by Bortoli et al. (41) during 1983-1984 . The mean value of lead obtained from 28 beers was 51 /xg/liter, compared with 58 pig/liter from 64 "hard" alcohol beverages analyzed (e.g., whiskey, brandy). Lead sources in wine are numerous and include the use of lead arsenate as a pesticide, the fermentation vat, glass of bottles, and lead capsules (42) . The lead content of wine appears to increase with Am J Epidemiol Vol. 145, No. 3, 1997 the lead-capped bottles and particularly during the storage time (39, 43) . For beer, brass and bronze fittings of the dispensing equipment was identified to contain significant concentrations of lead and therefore represent the most likely source of contamination (39) .
Our results suggest that daily cigarette smoking during pregnancy can raise cord blood lead levels in a dose-response fashion. Other authors have also reported this association. A dose-response relation between cord blood lead levels and maternal cigarette smoking was observed by Ernhart et al. (13) . Rabinowitz and Needleman (17) found a positive association between cigarette smoking during pregnancy and lead levels in newborns. Mean value of cord blood lead levels in newborns whose mothers smoked more than 20 cigarettes per day (0.376 /xmol/liter) was 20 percent higher than in those of abstainers (0.312 /Limol/ liter). For the Faroe Islands' population, whose diet includes a high intake of marine food, Grandjean et al. (32) reported a dose-response relation between daily cigarette consumption and cord blood lead level. The median of cord blood lead levels in the smokers' group (0.092 /xmol/liter) was 19 percent higher than that in the nonsmokers' group (0.077 /imol/liter). Cigarette smoking has been identified as a significant predictor of increased blood lead levels in the general adult population (5-8, 10, 33-36, 44) . The mean level of blood lead for both men and women is usually 15 percent higher in smokers than in nonsmokers.
Smoking has long been thought to be a source of lead exposure, particularly in the past, when lead arsenate was used as an insecticide on the tobacco fields (45) . Lead can be incorporated into a growing tobacco plant from many sources. It can be added to fertilizers or pesticides or be present in polluted rainfall. Airborne particles of lead can be also deposited directly on the plant surface (46) . The predominant route of exposure of humans to metals in cigarette smoke is inhalation (46) . The smoker likely inhales both mainstream gas and particles of the smoke. Cigarettes from different countries contain varying amounts of lead (47). Rauhamaa et al. (48) reported that mean content of lead in filter cigarette tobacco samples originating mainly in the United States, Canada, and Brazil was 2.4 /i-g/g. They found that 5.8 percent of lead passed into the mainstream smoke. Kalcher et al. (49) estimated that 43 percent of the mobilized lead passes through the filter cigarettes. It has been estimated that 1-5 /xg of lead could be inhaled from smoking 20 cigarettes per day (45) .
In many studies, there was an independent association between cigarette smoking and blood lead concentrations after adjustment for alcohol consumption (5) (6) (7) 36) . The combined effects of smoking and drinking were shown by Shaper et al. (7) . Men who smoked more than 20 cigarettes a day and had more than six drinks a day had a mean blood lead level of 0.85 /xmol/liter, compared with 0.59 /xmol/liter for men who had never smoked and who were occasional drinkers. In this study, the mean blood lead level in newborns of smoking mothers who drank more than 2.5 ml of pure alcohol per day during pregnancy was 68 percent higher than that of nonsmoking mothers who abstained from alcohol. Hense et al. (5) evaluated various nonoccupational factors on blood lead levels in a general population of southern Germany. They observed that cigarette smoking and alcohol consumption were strongly related to elevated blood lead levels in this population, whereas other factors, such as age, body mass, place of residence, education, and job position had only a minor influence on blood lead.
Multivariate analysis suggests that both alcohol consumption and cigarette smoking make significant and independent contributions to cord blood lead concentrations. Considered together, maternal smoking and drinking during pregnancy account for 5.8 percent of the variance of cord blood lead levels. A total of four variables with a p value below 0.05 explained 11.2 percent of the variance of lead level in newborns. Rabinowitz and Needleman (17) found that a small fraction of the variance (6.7 percent) of cord blood lead levels was explained by maternal variables (cigarettes, alcohol, maternal age, parity, mother's schooling, and coffee). In multiple regression analysis, Ernhart et al. (13) showed that alcohol consumption and cigarette smoking in pregnancy account for 7.8 percent of the variance in cord blood lead levels. In the general adult population, many studies have demonstrated that the proportion of the variance of blood lead concentrations explained by regression models was generally small (10-20 percent) (5, 6, 35, 36, 50) . However, the highest proportion of the variance is usually explained by alcohol intake and cigarette smoking in these studies.
To our knowledge, this study is the first to assess the association between passive smoking and blood lead levels in newborns. However, in our study, the number of smokers in the mother's residence was not a significant variable in the multivariate regression analysis for explaining the variance of cord blood lead levels. Studies suggest that the number of parents who smoke at home is a good predictor of passive smoking exposure (51, 52) . In fact, a statistically significant association between blood lead of children and the involuntary smoking was reported by several authors (50, (53) (54) (55) smoked by both parents was found by Lyngbye et al. (50) . Parental smoking explained a total of 8 percent of the variance of blood lead level in children. Our results suggest that use of tobacco by the mothers during pregnancy is a more important determinant of blood lead level in newborns than is passive smoking.
Higher blood lead levels were found in newborns of smoking mothers who stopped cigarette consumption during pregnancy compared with nonsmokers or exsmokers. No previous study has assessed this type of exposure. Several hypotheses could explain such a finding. First, cigarette consumption during pregnancy may have been underreported because of social desirability. Second, passive smoking exposure at home may also account for the high cord blood lead levels measured. In fact, the chance of there being a father who smokes is likely to be greater in houses where the mother is a smoker (before or during pregnancy). A third hypothesis to explain our results concerns lead stored in the bones. It is well-known that most lead accumulates in the bones of the body (11) . Lead stored in bone may be mobilized by physiologic and hormonal mechanisms during pregnancy and therefore contribute to fetal lead exposure (11) . Since the body burden of lead in smoking mothers is higher than that in nonsmoking mothers, lead in maternal bones may therefore be released during pregnancy even if the mother has stopped cigarette consumption.
Because the response rate in this study was only 52 percent (430 of 823), it is important to assess the impact of such a low participation on our results. However, very little information other than birth weight was available on nonparticipants. The proportion of low birth weights (less than 2,500 g) was lower among participants (3.3 percent) than among nonparticipants (8.1 percent). The rate of low birth weights for the entire Quebec City area was 5.9 percent in 1990. Alcohol consumption and smoking during pregnancy are well-known risk factors associated with low birth weight (56) (57) (58) . These observations suggest that the prevalence of drinkers and smokers in our sample is probably lower than that expected in the general population. Since lead exposure has also been associated with reduced weight at birth (12) , this, in turn, could have limited our dose-response assessments to the lowest categories of tobacco and alcohol exposure. Therefore, we do not believe that the internal validity of our study is compromised by this selection.
Tobacco use and moderate alcohol consumption during pregnancy can significantly raise blood lead levels in newborns. As previously discussed, maternal drinking and smoking during pregnancy and prenatal exposure to low doses of lead have been associated with reduced gestational age and weight at birth (12, (56) (57) (58) . These findings suggest that the effects of both alcohol and smoking on pregnancy outcomes could be related to the lead toxicity. This question could not be addressed in this study, and further research is needed to evaluate this relation. Finally, this study supports the public health recommendations that women should abstain from alcohol consumption and cigarette smoking during pregnancy.
